BACKGROUND: Hospitalizations and potentially inappropriate medication (PIM) use are significant and costly issues among older home health patients, yet little is known about the prevalence of PIM use in home health or the relationship between PIM use and hospitalization risk in this population. OBJECTIVE: To describe the prevalence of PIM use and association with hospitalization among Medicare home health patients. DESIGN: Cross-sectional analysis using data from 132 home health agencies in the US. SUBJECTS: Medicare beneficiaries starting home health nursing services between 2013 and 2014 (n = 87,780). MAIN MEASURES: Prevalence of individual and aggregate PIM use at start of care, measured using the 2012 Beers criteria. Relative risk (RR) of 30-day hospitalization or re-hospitalization associated with individual and aggregate PIM use, compared to no PIM use. KEY RESULTS: In total, 30,168 (34.4%) patients were using at least one PIM, with 5969 (6.8%) taking at least two PIMs according to the Beers list. The most common types of PIMs were those affecting the brain or spinal cord, analgesics, and medications with anticholinergic properties. With the exception of nonsteroidal anti-inflammatory drugs (NSAIDs), PIM use across all classes was associated with elevated risk (10-33%) of hospitalization compared to non-use. Adjusting for demographic and clinical characteristics, patients using at least one PIM (excluding NSAIDs) had a 13% greater risk (RR = 1.13, 95% CI: 1.09, 1.17) of being hospitalized than patients using no PIMs, while patients using at least two PIMs had 21% greater risk (RR = 1.21, 95% CI: 1.12, 1.30). Similar associations were found between PIMs and re-hospitalization risk among patients referred to home health from a hospital. CONCLUSIONS: Given the high prevalence of PIM use and the association between PIMs and hospitalization risk, home health episodes represent opportunities to substantially reduce PIM use among older adults and prevent adverse outcomes. Efforts to address medication
INTRODUCTION
The use of Medicare home health (HH) nursing services in the US has grown significantly in the past decade, with approximately 3.5 million Medicare beneficiaries receiving HH services in 2013. 1 These include skilled nursing, rehabilitation, physical therapy, and other services provided to eligible homebound patients and paid for by Medicare, typically following discharge from a hospital or nursing facility. 1 HH recipients frequently begin care with substantial medical burden and functional limitation, 2 placing them at increased vulnerability for hospitalization and other adverse outcomes. 3 In addition, HH patients are often prescribed multiple medications, some of which may be inappropriate for older adults and may pose a greater risk of side effects, interactions, and hospitalizations. 4 The purpose of this study was to describe the prevalence of potentially inappropriate medications (PIMs) among a large national sample of Medicare HH patients and to estimate the association between PIMs and risk of subsequent hospitalization.
Due to changes in pharmacodynamics and pharmacokinetics common in aging, older adults are at greater risk of side effects, adverse reactions, and other complications from medications compared to younger adults. [5] [6] [7] In response to this issue, the Beers Criteria were established, providing a systematic cataloging of PIMs-medications posing distinct risks for side effects and adverse events among older adults-to guide healthcare providers' prescribing practices. 4 The use of PIMs has been linked to increased risk of adverse drug reactions, 8 falls, 9-12 emergency department visits, 13 and hospitalizations; 14 nevertheless, a substantial number of older adults still use them. 15 The estimated prevalence of PIMs received during ambulatory care visits is 8-13%; 16, 17 among older adults in long-term nursing facilities it is as high as 50%. 18 Likewise, HH patients frequently have complex medication regimes and high rates of medication use. [19] [20] [21] A previous study of nationally representative HH recipients found that 21% were taking 15 or more prescription medications at start of care (SOC), and 38% were taking at least one PIM according to the 2003 Beers criteria. 15 Subsequent updates to the Beers criteria and health care reforms aimed at reducing negative patient outcomes have created a need for renewed attention to PIM use in HH.
Approximately 16% of Medicare HH patients are hospitalized during the first 30 days of care, 22 with 17% rehospitalized after referral to HH from a hospital. 23 Hospitalizations negatively impact patient health, quality of life, and functioning, and are a major source of rising healthcare costs. 3, 24, 25 Furthermore, a high incidence of hospitalization and re-hospitalization within 30 days of HH initiation may lead to lower Medicare payments for hospitals and poor quality ratings for HH agencies. [26] [27] [28] Initiatives to prevent hospitalization in HH have focused on transition planning and care coordination, [29] [30] [31] but few include explicit strategies to avoid or eliminate PIMs. 32 Despite the increased risk of adverse reactions associated with PIMs, 14 their potential contribution to hospitalization risk in HH is unclear.
This study had two primary objectives. First, we aimed to describe the prevalence and types of PIM use at SOC among a large sample of patients receiving HH nursing services, using Beers criteria recommendations. Our second aim was to estimate the association between PIM use at SOC and subsequent hospitalization within the first 30 days of HH. We hypothesized that 1) PIM prevalence among HH patients would be greater than that for older adults living in the community or receiving ambulatory care, and 2) the risk of hospitalization and re-hospitalization would be greater for patients using PIMs than for their counterparts not using PIMs.
METHODS

Sample
Data were obtained from Medicare-mandated Outcome Assessment and Information Set (OASIS) evaluations 33 from 132 HH agencies. All agencies subscribed to web-based technology services through a software company, Brightree, LLC, which stored clinical data in a centralized database for tracking, referral, and care planning. Electronic health records were obtained in the context of an implementation trial that offered all agencies access to web-based resources to support their clinicians' use of a depression care management protocol. The protocol was integrated into the standard clinical software and available to all HH clinicians. Participating HH agencies were located across 32 states and provided care for an average of 333 patients per year. Agency characteristics and patient sociodemographic characteristics were similar to national statistics. 34, 35 Medicare patients (age ≥ 65) who received a SOC OASIS evaluation between January 1, 2013, and December 31, 2014, were included in the sample. Patients who started HH more than once over the study period (n = 13,357) were included, but analysis was limited to the first episode, resulting in a total sample of 87,780 unique patient episodes. This study was approved by the institutional review boards of Weill Cornell Medical College and Dartmouth College.
Measures
Potentially Inappropriate Medications. PIMs were defined using the 2012 Beers criteria, 4 the current version at the time of data collection. We included only medications that were recommended to be avoided, irrespective of indication, specific diseases, or syndromes, as information about patient disease status and medication indication were not consistently available in the sample data. We identified patient medications using American Hospital Formulary Service (AHFS) codes and medication names recorded during SOC OASIS assessments. Patients were considered to be taking a PIM if their medication list included a qualifying medication at or within 3 days of SOC. For medications that were classified as PIMs only when exceeding a recommended daily intake, we calculated individual daily dosage by multiplying prescribed dosage by number of daily doses. Table 1 describes sample prevalence and classifications of PIMs. In secondary analyses, patients taking medications from two or more PIM categories (Table 1) were distinguished from patients taking one PIM.
Hospitalization. We defined hospitalization as any acute care hospitalization occurring within 30 days of HH initiation or upon discharge from HH. Re-hospitalization was defined as any hospitalization within 30 days of HH initiation occurring among the subset of patients referred to HH from an acute or long-term hospitalization.
Covariates. Potential confounding factors included sociodemographic, clinical, and functional variables derived from OASIS assessments, completed by trained clinical staff. Sociodemographic variables included age (65-74, 75-84, and 85+ years), ethnicity (Hispanic vs. non-Hispanic), race (white, black, Asian, and other), HH referral source, and dual Medicaid/Medicare eligibility. Environmental variables included rural vs. metropolitan location, agency auspices, and whether agencies were freestanding or hospital-based.
Clinical covariates included variables related to patients' physical, mental, and functional health status. Using the International Statistical Classification of Diseases and Related Health Problems ninth revision (ICD-9) diagnostic codes, we created indicator variables for the ten most common primary diagnoses 3 and the principal conditions or reasons for receiving HH services, including type 2 diabetes, heart disease, chronic obstructive pulmonary disease (COPD), skin ulcers or wounds, stroke, osteoarthritis, neurocognitive disorders, pneumonia, urinary tract infections, and surgical aftercare. As a measure of comorbidity, we summed the number of patients' primary and secondary ICD-9 diagnoses. Functional status variables were created to indicate level and sources of functional limitation. Activities of daily living (ADLs) and instrumental activities of daily living (IADLs) were measured as the sum of nine ADLs (grooming, dressing upper body, dressing lower body, bathing, toilet transferring, toilet hygiene, transferring, ambulation, and feeding) and three IADLs (preparing light meals, using the telephone, and managing oral medications), respectively; 33 higher scores represented greater functional dependence. Pain interference, cognitive limitation, and dyspnea severity were each measured on a four-point scale ranging from 0 (no limitation) to 4 (severe or dependent). Elevated depressive symptoms were defined as a score ≥ 3 on the two-item Patient Health Questionnaire (PHQ-2) depression screen. 36 We also considered several independent risk factors found to be predictive of hospitalizations in previous studies, 3 ,34,37 including multiple previous hospitalizations, fall history, frailty, current smoking, obesity, alcohol dependence, and drug dependence.
Analyses
We generated summary descriptive statistics for demographic and health-related variables and compared these across medication effect categories (Table 1) using t-tests for continuous variables and chi-square tests for categorical variables. Log-binomial generalized linear models were used to calculate the relative risk of hospitalization associated with PIM categories, both individually and in aggregate. Potential confounding factors were selected for inclusion in analytic models based on prior literature and a change-in-estimate procedure. 38 Factors producing a 10% or greater change in the bivariate association between PIM use and hospitalization were included for adjustment in final models. In separate analyses, we estimated the relative risk of 30-day re-hospitalization within the subsample of patients referred to HH from a hospital. All statistical analyses were performed using Stata statistical software, version 14.0 (StataCorp LP, College Station, TX).
RESULTS
The sample included 87,780 Medicare beneficiaries initiating home health HH services, among whom 30,168 (34.4%) were taking at least one PIM at or within the first 3 days of SOC. Table 2 compares demographic and health characteristics of patients using at least one PIM to patients without PIM. Compared to patients with no PIMs, patients using PIMs were younger on average (mean = 78.8 years [8.4] Table 3 compares the frequency of use and characteristics of patients taking different classes of PIMs. The most common PIMs were benzodiazepines, followed by medications with analgesic, cardiovascular, and anticholinergic effects. Patients taking cardiovascular medications or other less common PIMs (i.e., antithrombotic, anti-infective, glandular, and gastrointestinal medications) were older on average than patients taking other PIM classes and had a greater number of comorbid conditions. Women were more likely to be using anticholinergic medications or medications affecting the brain or spinal cord. Patients taking anticholinergic medications, benzodiazepines, and cardiovascular medications had the greatest mean number of hospitalization risk factors.
Overall, 11,457 (13.1%) patients were hospitalized within 30 days of starting HH care. Among patients taking at least one PIM, 4130 (13.7%) were hospitalized, compared to 7327 Medication classes are not mutually exclusive *Includes nonsteroidal anti-inflammatory drugs taken without concurrent proton pump inhibitor †Includes antithrombotic, anti-infective, glandular/hormonal, and gastrointestinal medications ‡Sum of ICD-9 diagnoses (0-6) § Sum of hospitalization risk factors (see Table 1 ) *RR = relative risk †Re-hospitalization was analyzed among subset of patients referred to HH from a hospital (n = 35,638) ‡Models adjusted for age, race, gender, number of chronic medical conditions, number of hospitalization risk factors, rural location, and limitations with ADLs § Subset of patients prescribed at least one PIM (n = 30,168)
We found similar levels of risk associated with nearly all individual PIMs (Table 4 ). In descending order of magnitude, patients taking gastrointestinal, anti-infective, glandular, benzodiazepines, or anticholinergic medications had between 33% and 10% greater risk of hospitalization than patients not taking PIMs in those respective classes. Only NSAID use was associated with significantly lower risk of hospitalization (RR = 0.81 95% CI: 0.75, 0.87). When NSAIDs were excluded, the association between overall PIM use and hospitalization was twice as strong (RR = 1.13, 95% CI: 1.09, 1.17). As shown in the lower half of Table 4 , risk of hospitalization was also positively associated with the number of PIM medications. Relative to no PIM use, patients taking one PIM (RR = 1.11, 95% CI: 1.07, 1.16) and patients taking two or more PIMs (RR = 1.21, 95% CI: 1.12, 1.30) had increased risk of hospitalization, and this association was consistent when including NSAIDs. Model results for re-hospitalization risk, estimated in the subset of 35,638 HH patients referred to HH from a hospital, were similar in both direction and magnitude, and taking a greater number of PIMs was also associated with greater re-hospitalization risk (Table 4) .
DISCUSSION
This study demonstrates that the prevalence of PIM use among Medicare HH patients remains high (34.4%), despite recommendations to avoid them. Furthermore, use of PIMs was associated with significantly greater risk of hospitalization within 30 days of SOC, after adjusting for factors related to baseline risk of hospitalization. Together, these findings suggest that adequate consideration and management of medications remain important elements of care for medically vulnerable older adults, and represent potential targets for efforts to reduce hospitalizations.
The high prevalence of PIM use in this sample (34.4%) is consistent with studies using prior versions of Beers criteria, which reported that between 31 and 38% of HH patients were using at least one PIM. 15, 39 Moreover, the prevalence of PIMs in this sample was greater than previous estimates among community-dwelling older adults, 40 and more than twice as high as that for patients in ambulatory care. 16, 17 Several factors likely drive continued high rates of PIM use in HH. First, HH patients frequently require services from multiple health care providers and settings, creating the potential for medication errors through poor provider communication or insufficient transition planning. Second, the Beers criteria include medications which are potentially but not necessarily inappropriate. Given few alternatives or concerns about withdrawal effects, providers may choose to continue patients on PIMs, weighing clinical judgment against recommendations. Third, some common PIMs (e.g., NSAIDs and antihistamines) are available without prescription.
Not surprisingly, patients using PIMs had greater comorbidity and baseline risk of hospitalization. Patients with greater medical burden are more likely to see multiple care providers, to have recent hospitalizations, and have more complex health needs, all of which may lead to PIM prescription. In contrast, the finding that patients using PIMs were significantly younger on average than patients not using PIMs is counterintuitive. Potential reasons include closer scrutiny of medications for older patients, a need for higher-level care than home health (e.g., nursing home care), or greater risk of mortality among older patients using PIMs.
Importantly, this study found that medications included in the Beers criteria, both individually and in aggregate, are associated with significantly elevated risk (10-33%) of hospitalization and re-hospitalization when adjusting for other health factors. With the implementation of the Hospital Readmissions Reduction Program in 2012 26 and public reporting on the quality of HH agencies, 27 hospitals and HH agencies are incentivized to partner with each other to reduce the risk of hospitalization for HH patients. While several previous studies have questioned the practical benefits of Beers criteria in predicting negative outcomes, 41, 42 the current findings suggest that medication use is an important element in identifying vulnerable patients.
Another interesting finding is that NSAIDs without concurrent proton pump inhibitors, which are among the most common PIMs, were associated with reduced risk of hospitalization. This finding may reflect potential cardiovascular benefits of some NSAIDs in low doses, or their use by healthier individuals to treat minor pains and inflammation. Potential negative consequences of NSAIDs may occur outside of brief HH episodes and are typically associated with regular use; 4 however, NSAIDs are commonly taken without prescription, and the regularity of their use compared to prescription medications is unclear. Because of this greater potential for measurement error with NSAIDs, we repeated analyses while excluding NSAIDs as PIMs, and found a stronger relationship between PIM use and hospitalization. Similar considerations are warranted for future studies investigating both prescription and non-prescription medications.
The association between PIMs and hospitalization risk highlights the shared role of hospitals and HH agencies in reducing medication-related issues. As most PIM use originated prior to HH, our findings suggest that reducing PIM prescribing in hospitals is an important step toward reducing their prevalence in HH. The Joint Commission on Accreditation of Healthcare Organizations has outlined priority goals for improving medication safety. 43 These include correct labeling of medication, accurate transcribing upon admission and discharge, and review of medication regimens. Still, research indicates that older adults taking a PIM upon hospital admission are likely to continue taking PIMs at discharge, 44 suggesting that opportunities for medication reconciliation are often missed. In a study of 770 patients referred from hospitals to HH, 100% of patient medication lists had at least one error, including inappropriate medications and dosing errors. 45 A similar study found discrepancies between home nurse medication review and admission information in 88.4% of HH patients. 46 Given the present findings, HH nurses may serve a critical role in improving communication between hospitals, HH agencies, and other providers. For instance, HH nurses may assist in documenting and communicating the rationale for certain medications. 44 Home-based medication reconciliation programs have been shown to reduce the risk of death and hospitalization in care transition periods. [47] [48] [49] In comparison, there is limited evidence for the effectiveness of medication interventions among current HH patients. One notable randomized controlled trial conducted by Zillich and colleagues (2014) evaluated the effectiveness of telephonic medication therapy management (MTM) and found that development of medication-related action plans reduced hospitalization risk, but only among patients with low baseline risk. 32 Further research is needed to evaluate the effectiveness of similar medication-focused efforts in HH toward reducing hospitalizations.
The results of the present study should be interpreted considering certain limitations. First, because retrospective data were used, the reasons for hospitalization were unknown. Therefore, we were unable to determine whether medicationrelated events (e.g., falls, toxicity) contributed to hospitalization. The consistency in hospitalization risk across PIM categories and the proportionally greater risk of hospitalization associated with a higher number of concurrent PIMs suggest that medications played a role in at least some hospitalizations. Second, we were unable to determine whether patients were receiving end-of-life (EOL) or palliative care, which may justify the use of certain PIMs; 50 however, only 1.8% of patients were eventually discharged to hospice or died during home care, and less than half (41.4%) of these patients were taking a PIM. Finally, although models were adjusted for baseline risk of hospitalization, unmeasured confounding by indication may have influenced the estimated associations. Nevertheless, despite limitations, the study has notable strengths that bolster its relevance, including a large, diverse sample, use of administrative data with little missing information, and a focus on hospitalization risk.
PIM usage is high among HH patients. While in many cases the use of PIMs may be justified, they contribute significantly to greater risk of hospitalization, suggesting the need for efforts to limit their use. Hospitalizations, HH episodes, and care transitions represent opportunities for reducing PIM use and mitigating the risk of hospitalization.
